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(54) [Title of the Invention] Semiconductor Integrated Circuit Apparatus and Its 

Fabrication Method 



(57) [Abstract] 

[Problem] To provide a semiconductor integrated circuit apparatus and its fabrication 
technology that is high performance and easy to fabricate. 

[Means of Solution] [A semiconductor integrated circuit apparatus] has wiring layers of a first 
layer 9 orthogonal to wiring layers of a second layer 10 and wiring layers of a third layer 1 1 
orthogonal to wiring layers of a fourth layer 12. The line pitch of wiring layers of the first layer 
9 is equal to the line pitch of wiring layers of the second layer 10; the line pitch of wiring layers 
of the third layer 1 1 is equal to the line pitch of wiring layers of the fourth layer 12; and the line 
pitch of wiring layers of the third layer 1 1 and wiring layers of the fourth layer 12 is 2^^^ times 
the line pitch of wiring layers of the first layer 9 and wiring layers of the second layer 10. 



Translated by OKADA & SELLIN TRANSLATIONS, LLC 
Phone: 800-803-9896 



Japanese Patent Application Kokai Number: H9-162279 

[Claims] 

[Claim 1] A semiconductor integrated ciiraiit apparanis characterized hv i„ ,k • • , 

a semiconductor intecrated cim.it >n„,„,, J ■ by, in Uie winng layers of 

me Wiring layets o I^oLZ T ^ '"'"^ '^^^ ""ho^nal to 

Wiring layers of a fo^laye t^'^aT"' " "^''Sonal to t^e 

6 / I a luunn layer, and the aforementioned wiring layers of th*. »hJ^ io u • 
disposed with an angle of inclination of about 45<> relative to!h7 f ""^^^^ ^^^^^ '^"^S 
the second layer. ^ arorementioned wiring layers of 

[Claim 2] In the semiconductor integrated circuit apparatus of Qaim 1 « a 
integrated circuit apparatus characterized by the line nS^f Vh. ^ , semiconductor 
being equal to the line pitch of the wiring laveL of the . ^ ? '"^''^ ^^^^^ 
layers of the third layer being eoual toTh! /! P'^'^^ *^ ^^^^g 

thelinepitchofthe^Lm:2e;^^^^^^^^^ 

layers of the fourth layer being MrZ^Tv ^ aforementioned wiring 

r.t-ayerandafo..m::o^::i^iXr<:iTI:^^^^^^ 

[Claims] InthesemiconductorintegratedcircuitapparatusofClaimlnrri.- 

laye.. of the second layeT ' ""'^ ""'^ <" of wi™g 

pn-vided between ^JZlZTZ^:^^'^ 

wiring layers of the thitd laver ,nH ,h. '"''^'^ °' ^ond 1 W the afi«mentioned 
wiringla^rsheneathTltLltilfrrr^^^^^^^^ 

l^of^r^;:rwi:ryt:fitr"°""T^ 

semiconductor eleLnts a^ °'' " "° " P"^"^ "f 

in..a.ing«,m„nd,eafo,erZ:'^T.a;^';r^^^ 

siitfT^^vfnrr'^^ 

,^;.an.terC=;t=i^^ 

l^l^^^^l^^nning the wiring ,aye„ of a fourth layer so that they at. o,«,„gonal 
T«»sl.,„.s n«e: ft. ,apa.«e .pi„„^ 
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to the aforementioned wiring layers of the third layer which is separated by an interlayer 
insulating film on the aforementioned wiring layers of the third layer. 

[Claim 6] In the fabrication method of the semiconductor integrated circuit apparatus of Claim 
5, a method of fabricating a semiconductor integrated circuit apparatus characterized by the line 
pitch of the wiring layers of the first layer being equal to the line pitch of the wiring layers of the 
second layer; the line pitch of the wiring layers of the third layer being equal to the line pitch of 
the wiring layers of the fourth layer; and the line pitch of the aforementioned wiring layers of the 
third layer and aforementioned wiring layers of the fourth layer being 2^^ times the line pitch of 
the aforementioned wiring layers of the first layer and aforementioned wiring layers of the 
second layer. 

[Claim 7] In the fabrication method of the semiconductor integrated circuit apparatus of Claim 5 
or Claim 6, a method of fabricating a semiconductor integrated circuit apparatus characterized by 
the central lines of the plurality of wiring layers of the third layer and the plurality of wiring 
layers of the fourth layer passing through the central points of the intersections adjacent to the 
intersections of the central lines of the plurality of wiring layers of the first layer and the central 
lines of the plurality of wiring layers of the second layer. 

[Claim 8] In the fabrication method of the semiconductor integrated circuit apparatus of any one 
of Claims 5 through 7, a method of fabricating a semiconductor integrated circuit apparatus 
characterized by the aforementioned wiring layers of the third layer or the aforementioned wiring 
layers of the fourth layer being laid out partially relative to the aforementioned wiring layers of 
the first layer or aforementioned wiring layers of the second layer. 

[Claim 9] In the fabrication method of the semiconductor integrated circuit apparatus of any one 
of Claims 5 through 8, a method of fabricating a semiconductor integrated circuit apparatus 
characterized by an automatic wiring method being used in the layout of wiring layers from the 
aforementioned first layer to the aforementioned fourth layer. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field of the Invention] The present invention pertains to a semiconductor integrated 
circuit apparatus and its fabrication technology. 

[0002] 

[Prior Art] Greater levels of integration and finer levels of processing are being developed for 
semiconductor integrated circuit apparatus, requiring wiring structures that are finer and have 
higher density. 
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S„d„?!!.T°1'? *° f**^""" '^ctaology for 

[0004] Specifically, muld-hyer wiring sm.ctoes a« used for the wiring layers of a 
^m.co„ductoru,tegra.edci^ui. apparan-s. Ttough-holes ^ placed in seS,^^eas of 
.nteriayer ™s„Iau„g .o elcc«cal.y connect lower wiring layers ,o upper ^Xei 
[0005) In such cases, lower and upper wiring layeis a« placed orthogonally to each other bv for 

[00061 An example in the literature of a descripUon of technology for forming wirin. lava, in 
senuconductor tntegrated circuit apparatus is given in "Leading Liconduct^rZI 
Technolog.es •90," pp. 267-273. published by Press Journal A, on NoveX^89 
[0007] 

°^ ^ '""""^ P"""* = high-performance semiconductor 

S oTir""?""" '^'^ "^""^ ^'-^ *^ aforemendoned and other 

objects of the present mvenuon as weU as the new featu.es of fte present invention. 

[0010] 

ofter as we I as wmng laye. of the third layer and wiring laye/of the fourth iZZ ^ 
equal to the line pitch of the wmng layers of the fourth layer; and the Ime pitch of the wiring 
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layers of the third layer and wiring layers of the fourth layer is 2 times the line pitch of the 
wiring layers of the first layer and wiring layers of the second layer. 

[0012] 

[Working Configuration of the Invention] Working Configurations of the present invention are 
described below with reference to figures. The same number or letter refers to elements in 
different figures that have the same function, and redundant explanations are omitted. 

[0013] (Working Configuration 1) Figure 1 is a model diagram showing the wiring layers of a 
semiconductor integrated circuit apparatus which constitute a working configuration of the 
present invention. 

[0014] Figure 1 shows the wiring layer channels and lattice points occurring when laying out the 
wiring layers of the semiconductor integrated circuit apparatus of the present working 
configuration using Design Automation (DA). In such cases, the channels show the areas in 
which it is possible to place a wiring layer and use a wiring layer line width of 0. The lattice 
points indicate intersections of channels. 

[0015] As Figure 1 shows, in the wiring layers of the semiconductor integrated circuit apparatus 
of the present working configuration, channels 1 for the first wiring layers, which correspond to 
the wiring layers of the first layer placed on a semiconductor substrate (not shown in the figure) 
on which a plurality of semiconductor elements are formed, are laid out horizontally so that the 
distance to the adjacent wiring layer is a constant line pitch Pi. 

[0016] Also, in the wiring layers of the semiconductor integrated circuit apparatus of the present 
working configuration, channels 2 for the second wiring layers, which correspond to the wiring 
layers of the second layer placed over the wiring layers of the first layer which is separated by an 
interlayer insulating film (not shown in the figure), are laid out vertically so that they are 
orthogonal to channels 1 for the first wiring layers and so that the distance to the adjacent wiring 
layer is a constant line pitch Pi. 

[0017] In this case, the lattice points, which are points of intersection between channels 1 for the 
first wiring layers and chaimels 2 for the second wiring layers, are shown as first lattice points 5. 

[0018] Also, in the wiring layers of the semiconductor integrated circuit apparatus of the present 
working configuration, second lattice points 6 and third lattice points 7 are placed at the 
midpoints between adjacent first lattice points 5, on channels 2 for the second wiring layers. 

[0019] In this case, second lattice points 6 and third lattice points 7 are placed in alternation so 
that they form zig zags. 

[0020] Also, in the wiring layers of the semiconductor integrated circuit apparatus of the present 
working configuration, channels 3 for the third wiring layers, which correspond to the wiring 
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layers of the ihird layer placed over the wiring layers of the second layer which is seoarated hv 
an^r ayer ins„la.i„g (no, shown in the fig„.). are laid out so L UtelL^ ' 
adjacent „™g layer ,s a constant line pitch P,. Also, channels 3 for the thirf wiring are 
P accd at angles of inclination of 45- relative to channels 2 for the second wiringTa^i »d^„ 
placed so that they pass through second latUce points 6. ^ 

[0021J In this case, the reladonship between line pitch Pa of channels 3 for the third wiring 

[0022] Also in the wiring layers of the semiconductor integrated cit^tit apparatus of the t^eseot 
wortang configu^tron, fourth lattice points 8 ate placed a. the n^dpoints b^Ln 
lattice points 5 in channels 1 for the firet wiring layeis. 

S '^'V ° '"^"^ °' semiconductor integrated circuit apparatus of the present 

ayen, of the fourth layer placed over the wiring layers of the third layer which is separa^b^an 
interlayer insulating mm (not shown in fl» figure), are laid ou, so that the d^^ Jic" ' 
adjacent wmng layer is a constant line pitch P. Also, channels 4 for the fotT^ri^l yet. aie 
P aced at angles of inclination of 45' leladve to channels 3 for the third wiring laye^ ^^d 2 
placed so that they pass through fourfl, lattice points 8. 

(0024] In this case relationship between line pitch P, of channels 4 for the fourth wiring 
[0025] In the wiring layers of the senuconductor integrated citcuit apparanis of the ptesent 

[0027] Also, channels 4 for the fourth wiring layers are orthogonal to channels 3 for the third 
wmng layet. and are also placed at 45^ angles of inclination to channels 1 for U,' ZZ^^ 
layers and channels 2 for the second wiring layers. ^ 

Se':r^:;thpr'^'"'^^''^'^""'*''^'^^'"^ 
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[0030] The relationship between the line pitch P2 of channels 3 for the third wiring layers and 
channels 4 for the fourth wiring layers and line pitch Pi of channels 1 for the first wiring layers 
and channels 2 for the second wiring layers is P2 = 2^^^ x Pj. 

[0031] Thus, in the wiring layers of the semiconductor integrated circuit apparatus of the present 
working configuration described above, channels 1 for the first wiring layers can be electrically 
connected to channels 2 for the second wiring layers by means of through-holes in the interlayer 
insulating film by passing the through-holes through first lattice points 5, which are the 
intersections of channels 1 for the first wiring layers and channels 2 for the second wiring layers. 

[0032] Also, channels 2 for the second wiring layers can be electrically connected to channels 3 
for the third wiring layers by means of through-holes in the interlayer insulating film by passing 
the through-holes through second lattice points 6, which are the intersections of channels 2 for 
the second wiring layers and channels 3 for the third wiring layers. 

[0033] Also, channels 3 for the third wiring layers can be electrically connected to channels 4 
for the fourth wiring layers by means of through-holes in the interlayer insulating film by passing 
the through-holes through fourth lattice points 8, which are the intersections of channels 3 for the 
third wiring layers and channels 4 for the fourth wiring layers. 

[0034] Thus, in the wiring layers of the semiconductor integrated circuit apparatus of the present 
working configuration described above, a multi-layer wiring layer that has wiring layers at an 
inclination to channels 1 for the first wiring layers and channels 2 for the second wiring layers, 
such as channels 3 for the third wiring layers and channels 4 for the fourth wiring layers, can be 
laid out according to predetermined rules, so that a layout method that uses automatic wiring 
techniques using CAD can be employed. 

[0035] This enables easy wiring layout that is highly efficient and highly reliable through the 
use of automated wiring layout methods. 

[0036] Also, in the wiring layers of the semiconductor integrated circuit apparatus of the present 
working configuration previously described, since a multi-layer wiring layer that has wiring 
layers at an inclination to channels 1 for the first wiring layers and channels 2 for the second 
wiring layers, such as channels 3 for the third wiring layers and channels 4 for the fourth wiring 
layers, can be laid out according to predetermined rules, a high-performance semiconductor 
integrated circuit apparatus can be achieved by being able to simplify the electrical connection, 
for example, in wiring between macro cells and macro cells, between their lower wiring layers 
and their upper wiring layers using through-holes in interiayer insulating films, and also by being 
able to lay out each of the wiring layers using the shortest distances. 

[0037] Next, the fabrication method for the wuing layers of the semiconductor integrated circuit 
apparatus of the present working configuration is described. 
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[0038] Figures 2 through 5 are schematic layout drawings that show wiring layere of the 
semiconductor mtegrated circuit apparatus of the present working configuration. 

[0039] The fabrication technology for the wiring layers of the semiconductor integrated circuit 
apparatus of the present working configuration uses a layout method that employs automated 
wmng techniques using CAD, 

[0040] First, as shown in Figure 2, wiring layers of die first layer 9 are formed on a 
semiconductor substrate (not shown in the figure) on which a plurality of semiconductor 

elements are fomed. 

ITh P ^ T' "^^"^ ^ ^^""^ horizontally so that they maintain a constant line 
p^teh P. to Ae adjacent wiring layer 9. Line pitch P. is the distance obtained by adding the line 
widdi a, of a given winng layer 9 to the space width b. between it and its adjacent wiring layer 9. 

[0042] Next, as shown in Figure 3. wiring layers of the second layer 10 are formed over wiring 
layers of the first layer 9 which is separated by an interlayer insulating film (not shown in the 
figure) such that they maintain a constant line pitch P, as the distance between each layer and its 

"frXer^r 

[0043] In this case, line pitch P, is the distance obtained by adding line width a^ of wiring layer 
10 to the space width b2 between it and its adjacent wiring layer 10. 

[0044] Also, first through-holes 13 are formed at the intersections between wiring layers of the 
first layer 9 and wiring layers ofthe second layer 10 as necessary. 

[0045] Next, as shown in Figure 4, wiring layers of the third layer 1 1 are formed over wiring 

flT tTTt " "P"^^^' '""''''^y^' fi^™ (-t shown L the 

figure) such that they maintain a constant line pitch P^ to their adjacent wiring layers 1 1 . 

[0046] Also, wiring layers of the third layer 1 1 are formed at angles of inclination of 45° relative 

iLTce '° ^""^ ^""'"^^^ 

[0047] In this case, line pitch P, is obtained by adding the line width a, of a given wiring layer 
11 to the space width bs between it and its adjacent wiring layer 11. 

[0048] Also, second through-holes 14 are fonned at the intersections between wiring layers of 
the second layer 10 and wiring layers of the third layer 1 1 as necessary. 
[0049] Next, as shown in Figure 5, wiring layers of the fourth layer 12 are formed on wiring 
layers of the third layer 11 which is separated by an interlayer insulating film (not shown in the 
figure) such that they maintain a constant line pitch Pj to their adjacent wiring layers 12 while 
also being orthogonal to wiring layers ofthe third layer 11. 
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[0050] In this case, line pitch P2 is obtained by adding the line width 34 of a given wiring layer 
12 to the space width b4 between it and its adjacent wiring layer 12. 

[0051] Also, third through-holes 15 are formed at the intersections between wiring layers of the 
third layer 1 1 and wiring layers of the fourth layer 12 as necessary. 

[0052] Next, fabrication of the semiconductor integrated circuit apparatus is completed by 
forming a passivation film (not shown in the figure) after the multi-layer wiring layer is formed 
through repeatedly performing the wiring layer fabrication processes previously described as 
necessary. 

[0053] In the fabrication technology for wiring layers of the semiconductor integrated circuit 
apparatus of the present working configuration described above, a multi-layer wiring layer that 
has wiring layers at an inclination to wiring layers of the first layer 9 and wiring layers of the 
second layer 10, such as wiring layers of the third layer 1 1 and wiring layers of the fourth layer 
12, can be laid out according to predetermined rules using layout methods that employ automatic 
wiring techniques using CAD. As a result, wiring layout that is highly efficient and highly 
reliable can be accomplished easily using automated wiring layout methods. 

[0054] Also, with the fabrication technology for wiring layers of the semiconductor integrated 
circuit apparatus of the present working configuration previously described, a multi-layer wiring 
layer that has wiring layers at an inclination to wiring layers of the first layer 9 and wiring layers 
of the second layer 10, such as wiring layers of the third layer 1 1 and wiring layers of the fourth 
layer 12 can be laid out according to predetermined rules using layout methods that employ 
automatic wiring techniques that use CAD. As a result, a high-performance semiconductor 
integrated circuit apparatus can be fabricated by being able to simplify electrical connection 
between the lower wiring layers and the upper wiring layers using through-holes in interlayer 
insulating films and also by being able to lay out each of the wiring layers using the shortest 
distances. 

[0055] (Working Configuration 2) Figure 6 is a schematic layout drawing that shows wiring 
layers of a semiconductor integrated circuit apparatus which constitute another working 
configuration of the present invention. 

[0056] As shown in Figure 6, the wiring layers of the semiconductor integrated circuit apparatus 
of the present working configuration are characterized by the fact that the wiring layers for 
through-holes, which are embedded in through-holes 16, through-holes 17 and through-holes 18 
that are placed between wiring layers of the second layer 10, wiring layers of the third layer 1 1, 
wiring layers of the fourth layer 12, and the wiring layers beneath them, are [in the form of] 
pillars formed using through-hole filling technology (e.g., plugs). 

[0057] By using pillars as the wiring layers for the through-holes, the wiring layers for the 
through-holes can be reliably embedded in the through-holes even when the through-holes have 
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[0060] The fabrication technology for the wirine laver<! nf th. c««- j 

SCrJ^r r !r ' -r'^ ^ f„r«,e second 
Shown in Figure slz^ Zed a ri^ T " '2 

holes is e™id:edr,£:ri::xr,r" "'^'^ '"^^^ 

elerfnt»n ^^'^ "^'""^ ^^J'^'"^ ^ ^e"- Thiough-holes 17 that 

embedded in these flm,ugh-holes IX '"'"'^ »■ "'""S layer for the through-holes is 

ltg^a^e?ofX■stJnX^to'::^^^^^^ 

m Ftgm, 1. The wmng layer for the through-holes is embedded in these thiough-holes 
laver 10 Ti,«, 4^ 5 ^^J^^^^t wiring layers of the second 

f^.^lfl°'t^'C n rZr"^-''"'" -"'-^ - P-<"^y i-lated fr^n, wiring 
y ""^«>^'ay«-ll«.thattheyarenotadjacenttowiri„glayersofdiethirdlayerll. 
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Therefore, even when signal current flows to wiring layers of the third layer 1 1, they are in an 
area that is not electrically affected. 

[0067] Since the placement of through-holes for electrically connecting adjacent lower wiring 
layers and upper wiring layers is similar to the placement of through-holes in the wiring layers of 
the semiconductor integrated circuit apparatus of Working Configuration 1 previously described, 
that description is omitted here. 

[0068] Using the wiring layers of the semiconductor integrated circuit apparatus of the present 
working configuration previously described, lower wiring layers and upper wiring layers can be 
electrically connected by using pillars as the through-hole wiring layers even when there are 
deep through-holes as when wiring layers of the second layer 10 and wiring layers of the fourth 
layer 12 are electrically connected by a through-hole wiring layer embedded in through-holes 16. 

[0069] Thus, when lower wiring layers and upper wiring layers are electrically connected, the 
need for a wiring layer specifically for the electrical connection of these layers can be eliminated, 
which enables a reduction in the layout surface area for multi-layer wiring layers. 

[0070] The invention invented by the present inventors has been described above in detail based 
on the working configurations of the invention, but the present invention is not limited to the 
aforementioned working configurations. Many other changes are naturally possible as long as 
they do not depart from the substance of the invention. 

[0071] For example, a variety of substrates can be used, such as SOI (silicon on insulator) 
substrates, in place of a semiconductor substrate on which the semiconductor elements are 
formed, and it can be used as the semiconductor integrated circuit apparatus and fabrication 
technology for processor LSIs or the like. 

[0072] 

[Effect of the Invention] The following is a brief description of effects obtained by a 
representative example of the invention disclosed in this application. 

[0073] (1) Since a multi-layer wiring layer that has wiring layers at approximately 45'' angles of 
inclination relative to channels for first wiring layers and channels for second wiring layers can 
be placed according to predetermined rules, such as channels for third wiring layers and channels 
for fourth wiring layers, in the wiring layers of the semiconductor integrated circuit apparatus of 
the present invention, layout methods that use automated wiring techniques that employ CAD 
can be used. 

[0074] As a result, highly efficient and highly reliable wiring layout can be performed by using 
automated layout methods. 
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,^ '.""""'-'^5'=' tay" fat to wiring layers that are inclined trlativeto 
cta^ek for first w^g layers and channels for s^nd wiring layers can be placed^^. «, 

layeis .n the wmng layers of the setnioondtK^tor integrated circuit apparatus of the ptjnt 
mventton, a htgh-performance setmconductor inte^ circuit applus can be « hv 
be.ng able to stmplify electrical comtection. for «an,ple. in wiring between^rT^rsld 
macro cells, between their lower wiring layets and their upper wi^g layen ^luThoW 

[0076] (3) Using the wiring layers of the semiconductor integrated cirant appatatus of the 
present nventton, lower wiring layers and upper wiring layer, can be el«,triSly co^^ bv 
usrng ptllars as through-hole wiring layers even when there are deep tl«h wto 

by a through-hole wmng layer embedded in through-holes. 

Zl?!,'' "PP" ^'y^^ «'««<^y connected the 

need for a wmng layer specifically for the electrical connection of these layers can be dtoirL 
whrch enables a reduction in the layout surface area for multi-layer wiring™ ' 
[Brief Description of the Figures] 

ctaTal^r ' of a semiconductor integrated 

« apparatus constituting one working conf.gm«ionofa,e present invention. 

[Frgure 2] Figure 2 is a schematic layout drawing that shows wiring layers of the semiconductor 
mtegrated crrcurt apparatus constituting one worlcing configuration of .L presem 

[Figure 3 J Figure 3 is a schematic layout drawing that shows wiring layers of a semiconductor 
mtegrated crcuit apparatus constituting one working configuration of tL pr^rnfi^^tir 

!mlC II ^''^^ " " ' "^"^^ ^o'™ ^« l«y<« of a semiconductor 

mtegrated crrcurt apparatus constituting one working configuration „f the present 

mg^ 5) Figure 5 is a schematic layout drawing that shows wiring layers of a semiconductor 
mtegrated crrcmtapparanrsconstitutingoneworkingconfiguraflon Of tie p^nti^ver^^^^^ 
(Rgure 6] Figure 6 is a schematic layout dtawmg that shows wiring layers of a semiconductor 
mtegra.«.crrcuitappara«rsconstimtinganother working configuraLofti^p^™ 

[Explanation of Symbols] 

1 Channels for first wiring layer 

2 Channels for second wiring layer 

3 Channels for third wiring layer 
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